Introduction
Nowadays, the problem of obtaining new perspective biological preparations, which will be effective against the Colorado potato beetle, does not lose urgency. So, the biopreparations based on entomopathogenic bacteria B. thuringiensis are dominating in the market. Industrial preparations are effective against more than 400 insect species from the families of Lepidoptera, Diptera, Hymenoptera, Coleoptera, Orthoptera (Vadlamudi et al.,1995) . A number of microbial preparations based on the B. thuringiensis were developed in Ukraine (Pat. 8507411 Ukraine).
There are several causes of interest to B. thuringiensis. For example, unlike the chemical insecticides, it has a specific effect on insect pests, safe to entomophagous and it is not pathogenic to mammals and humans. B. thuringiensis using does not cause a persistent contamination of soil, leaves and air. In addition, B. thuringiensis is a naturally occurring component of biomes. The necessity for searching and learning new strains depends on the widespreade using of B. thuringiensis in pest control practices, their selective action, safety for agrocenosis components and human health. Apart from this, the strains with high entomopathogenic and technological properties are used to develop the next generation of new preparations and as analogues of strains -producers of existing ones. Promising strains of B. thuringiensis is a component of Useful Soil Microorganisms Collection of Institute of agricultural microbiology NAAS of Ukraine.
Despite the fact that at first time this type of bacteria was isolated from insects, the further studies have shown their wide spreading in the environment (Polovinko et al., 1997) . B. thuringiensis is common in insects and in soils with rich organic matter (Chatterjee et al., 2007) . Saprophytic and parasitic existence is possible to it. According to T. Attathon (1995) , the strains of B. thuringiensis can be isolated from desert beaches, tundra. It was also established that this bacterium is a part of the plant leaves microflora. The picking out of non-industrial isolates from different plants philoplane is possible. Approximately 30-100 % of spores isolated from plants philoplane are B. thuringiensis spores (Smith et al., 1991) . Based on the assumption that organisms that have been sourced from philoplane in an amount less than 10 cells per 1 cm 2 are random isolates, B. thuringiensis should be considered as epiphyte. On this ground there was a hypothesis about the relations between plants and crystall-forming bacteria. The plants specially produce nutrients for the favorable development of B. thuringiensis and protection from insects (Smith et al., 1991) . But most crystall-forming entomopathogenic bacteria was isolated from insects, especially from the orders of Lepidoptera, Diptera, Coleoptera, Orthoptera. The insects play an important role in the B. thuringiensis circulation in nature (Kandybin, 1989) .
Pathogenic action of B. thuringiensis on insects associated with it's toxins and other metabolites. It is known such toxins as ά-exotoxin -enzyme phospholipase C , β-exotoxin -a small water-soluble toxin temperature resistant with nukleoidic nature, γ-exotoxin -which is the not identified phospholipase, and δ-endotoxin -parasporal protein crystals. The strains, which belong to different serotypes characterized by the different set of toxins, varying degrees of pathogenity and, consequently, can be producers of biological products against a certain spectrum of insect pests. For example, the strains of the kurstaki, aizawai and galleriae serotypes are used like preparations bioagents against a number of pest from the orders of Lepidoptera, the strains of thuringiensis and tenebrionis serotypes are used against Coleoptera, the strain of israelensis serotype -against the pest from the order of Diptera (Lenin et al., 2007) . Therefore, the selection, identification and study of basic technological properties open the way for obtaining a biopreparations, which will be active against pests that were previously not served by biomethod.
The aim of our study was the selection of the new strains of B. thuringiensis from the natural populations of insects, appreciation their entomopathogenic properties in comparison with the production (standard) and collection strains, identifying and exploring technological properties of promising strains for the production of biopreparations.
Materials and Methods
Isolation of the new strains of B. thuringiensis was performed by the method of Bourtseva (2001). Disinfection of the insect integument was conducted by dipping for a few seconds in 70% alcohol. Then the sample was thoroughly washed in sterile distilled water. Insect samples aseptically homogenized with 0 ,5-1,0 ml of sterile distilled water. The 0,1ml of homogenate from the serial dilutions was sowing in petri dishes with meat -peptone agar. The cultivation was carried out 24-48 hours at 30°C. Selection of Bacillus thuringiensis strains based on spores and crystalline inclusions complex was performed using a phase-contrast microscopy or stained by 0,5 % carbol eosin.
Entomopathogenic effect of isolates was studied in laboratory experiments on the Colorado potato beetle (Leptinotarsa decemlineata Say, Coleoptera) larvae.
Food processing (potato leaf) was made by the Leskova (1984) method with a liquid spore culture received by culturing bacteria on the technological rocking in shaken flasks (750 ml) with 50 ml of culture medium based of fodder yeast and cornmeal. The effectiveness of strains was calculated by the percent of dead larvae at 3, 5, 7 and 10 days experiment. For appreciation the entomopathogenic properties of the isolated strains, the strain B. thuringiensis 98 (the bioagent of the preparation Bitoksybatsylin) was used. The strains from the Microbiomethod Laboratory Crimean Agricaltural Institute, which have a high entomopathogenic activity and entered to Institute of Agricultural Microbiology NAAS was used in the experiments too.
In the work on selection new strains for developing the preparation forms we used as a reference the strain B. thuringiensis 994 (the bioagent of Acbitur). The technological properties of promising strains were carried out by Perth (1978) . The cultivation was carried out in shaken flasks (750ml) with a 50 ml of yeast-polysaccharides medium.
The study of physiological and biochemical properties of promising strains were carried out according the identification scheme of Barjac, Bonnefoi (1963) and Lysenko (1963) . As a reference, the available standard collection strains of B. thuringiensis 1,3,4,8 and 10 serotypes were used.
Results and Discussion
The episootological material was gathered during the 2006-2011 in the scientific expeditions all over the Southern Ukraine. As a result, from the natural populations of insects 146 sick and dead individuals from the orders of Lepidoptera, Hymenoptera, Coleoptera, Neuroptera, Orthoptera, Diptera was collected.
The result of microbiological analysis of selected insect was in isolation of 26 strains of cristall-forming bacteria B. thuringiensis. 18 isolates of B. thuringiensis can produce the β-exotoxin.
Like a biotest for selection the strains with a high pathogenic activity the larvae of the Colorado potato beetle (Leptinotarsa decemlineata, Coleoptera) was used. These larvaes are sensitive for industrial biopreparations based on the spore-crystal complex and termostable exotoxin (Kandybin, 1989) As a result, 3 strains (0371, 0411 and 0486) were selected. They are not inferior in efficiency either the reference strain 98 or the strains from the Microbiomethod Laboratory Collection (Table 1 ). In comparison with to the standard, the highest entomopatogenic activity had a strain 0371. On a 5 day of experiment the 100% of larvae was death. It is on 23,3% higher activity than the reference strain. The strains 0411 and 0486 had a high activity too. It caused a death of larvae respectively 94,7 and 93,3%, which was 24,0 and 22,6% higher than the strain of 98. Thus, three strains of B. thuringiensis with a high activity against Coleoptera pests were entered to the Microbiomethod Laboratory Collection.
We know that over time, the strains of B. thuringiensis, which are biopreparations producers may lose their as entomopathogenic and technological properties. That's why the searching of promising strains for biopreparation production with similar or more expressed properties has a constant interest.
We carried out the researches for determine the high active and technological B. thuringiensis var. thuringiensis which can be used like the analogous to 994 strain (the bioagent of Akbitur). The biopreparation was made in the Microbiomethod Laboratory of Microbiology Department of Crimean Agricaltural Institute. The strains 0371, 0411 and 0486 were included to this work.
In the experiments with Colorado potato beetle (L 1-2 ) larvae (Table 2) , in comparing with the strain 994, the strain 0371 was defined as a most promising entomopathogenes. Within 3 days of experiment under the influence with the strain 0371 the mortality of insects exceeded the standard strain by 14,6%. Almost complete destruction of insects was observed for 5 days, whereas in the variant of strain 994 it was obserwed for 10 days.
The advantage of strain 0371 as entomopathogenic was demonstrated in experiments with older larvae (L 3-4 ). A full (100%) death of pests was noted within 5 days. While under the influence of the strain 994 the percent of dead insects was not more than 65,3%. the mortality of larvaes on a 6 th day of experiment The strain 0486 is slightly yielded by its effectiveness against the larvae of Colorado potato beetle to strain 0371. The total mortality of insects for 6-7 days was observed in the variants with this strain. Thus, the strain 0486 can also be considered as a promising analogue of production the strain 994.
The next step was to determine the adaptability of the strains 0371 and 0486 during their cultivation in culture medium from the technological card of Akbitur production. It was found that the studied B. thuringiensis 0371 and 0486 strains according to it's technological parameters of cultivation do not yield to production strain 994, even for certain parameters (like observation time 10% free spores, a 100% yield of spores from sporangia) above it (Table 3 ). In addition, the CFU titer of the strain 0371 in the stationary phase reaches to 4,2-4,6* 10 8 , the CFU titer of the strain 0486 reaches to 4,0-4,5*10 8 in 1 ml of liquid. It is in 1,2 and 1,1 times higher than the CFU titer of the strain 994 (3,6-4,0*10 8 ). Accordingly, the titer of viable spore liquid cultures was obtained during cultivation, reached to 2,5; 2,3 and 2,3 billion spores in 1 ml.
The above research results argue that new isolated strains 0371 and 0486 by it's entomopathogenic and technological properties can be analogous to the strain 994.
Since the specious of bacteria B. thuringiensis is very heterogeneous one, the identification of strains is an important factor in their study. Such studies allow us to establish physiological and biochemical properties of bacteria and their ability to produce the thermostable exotoxin that corrects further work to develop a biological product.
The strain 787 from the Microbiomethod Laboratory Collection was added to the experiment because it produces only δ-endotoxin, but it is active against Colorado potato beetle larvae (Table 1) . Taken into consideration, that most of the biopreparations based on B. thuringiensis and recommended against the Colorado potato beetle, are containing δ-endotoxin and thermostable β-exotoxin, the strain 787 opens new perspectives for the development of new type of the biopreparations. That's why this question is actual for a depth investigation.
According to the identification scheme we investigated the ability of strains to form acetyl-methyl-carbinol (AMC) in mediums containing peptone and glucose, the ability to synthesize enzyme letsitinaze and production of pink pigment on beef-extract agar (Table 4) . We determined the amylolitic and saccharolitic pathogens activity and their ability fermentation of eskuline. The beef-extract gelatine was used to study the proteolitic activity. The ability of bacteria to produce thermostable β-exotoxin was studied by the Musca domestica L. as a biotest. 
Symbols
The formation of acetyl-methyl-carbinol, letsitinaze, urease, veil, pigment and assimilation of sugars: + positive reaction -reaction is negative. Hydrolysis of starch: -there is no hydrolysis, + hydrolysis zone is 2-3 mm, + + hydrolysis zone is 5-6 mm. Proteolysis of beef-extract gelatin: + dissolving 1/3 of the column, ++ dissolving 2/3 of the column, +++ complete dissolution, -the reaction is negative.
Two of the selected strains are identified as B. thuringiensis var. thuringiensis, the strain 787 is attributed to B. thuringiensis var. shandongiensis, and the strain 0486 -to B. thuringiensis var. tenebrionis. Unlike the B. thuringiensis var. thuringiensis strains, the strain 787 does not form a veil with growing in a beef-extract broth. It does not produce thermostable β-exotoxin. The strain 0486 does not make the acetyl-methyl-carbinol and don't mastering the mannose.
Conclusions
Thus, the new strain B. thuringiensis 0371 has a high entomopathogenic and technological properties, and the strain B. thuringiensis 787 from the Microbiomethod Laboratory Collection has a high entomopathogenic activity too. So, bouth of it can be a base of the biopreparations for agticultural plants protection against leaf-cutting insects. In general, our study is a part of work, aimed at the reviving of microbiological method of control of leaf-cutting pests in Ukrainian agriculture.
